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In the human autoimmune blistering disease pemphi-
gus vulgaris (PV) pathogenic antibodies bind the desmo-
somal cadherin desmoglein-3 (dsg3), causing epidermal
cell-cell detachment (acantholysis). Pathogenic PV dsg3
autoantibodies were used to initiate desmosome signal-
ing in human keratinocyte cell cultures. Heat shock pro-
tein 27 (HSP27) and p38MAPK were identified as pro-
teins rapidly phosphorylated in response to PV IgG.
Inhibition of p38MAPK activity prevented PV IgG-in-
duced HSP27 phosphorylation, keratin filament retrac-
tion, and actin reorganization. These observations sug-
gest that PV IgG binding to dsg3 activates desmosomal
signal transduction cascades leading to (i) p38MAPK
and HSP27 phosphorylation and (ii) cytoskeletal reorga-
nization, supporting a mechanistic role for signaling in
PV IgG-induced acantholysis. Targeting desmosome sig-
naling via inhibition of p38MAPK and HSP27 phospho-
rylation may provide novel treatments for PV and other
desmosome-associated blistering diseases.
Changes in cell adhesion structures activate cellular signal-
ing systems that link alterations in the state of cell adhesion to
changes in cell behavior. Signaling downstream of adherens
junctions (1–4) and integrins regulates differentiation and pro-
liferation when cell-cell or cell-substrate adhesion is altered.
Like other cell adhesion structures, the desmosome is a mac-
romolecular complex whose components include cadherin, Ar-
madillo, and plakin family proteins (reviewed in Ref. 5). Des-
mosome-mediated cell-cell adhesion is disrupted in the
autoimmune blistering disease pemphigus vulgaris (PV),1
characterized clinically by suprabasilar blisters of skin and oral
mucosa. Anti-epidermal autoantibodies, present in PV patient
sera and easily detected by immunofluorescence (IF) on peril-
esional epidermis, are pathogenic; PV IgG reproduces the clin-
ical, histologic, and immunologic features of the disease when
passively transferred to neonatal mice. Pathogenic PV autoan-
tibodies bind the dsg3 ectodomain in a calcium-dependent im-
munological reaction (6).
Proposed mechanisms for PV IgG-induced keratinocyte de-
tachment include (a) proteinase activation, (b) steric hin-
drance, and (c) activation of transmembrane signaling that
down-regulates cell-cell adhesion (7–11). Previous work has
suggested that PV IgG may activate intracellular signaling
events; however, the precise nature and biological conse-
quences of these events and their relationship to the mecha-
nism of PV IgG-induced acantholysis remain unknown (7, 8).
The specificity of anti-dsg3 antibodies in PV patient sera en-
abled us to utilize this reagent to initiate changes in desmo-
some structure and look for activation of signaling and the
relationship of these signaling events to the mechanism
of acantholysis.
EXPERIMENTAL PROCEDURES
Materials—HSP27 antibodies were from ABR (Golden, CO); phos-
pho-HSP27, p38MAPK, and phospho-p38MAPK antibodies were from
Cell Signaling Technology (Beverly, MA). SB202190, SB203580, Cal-
phostin C, H-7, and U-73122 were from Calbiochem.
IgG Preparation—PV sera (PV1, mucocutaneous PV; PV2, mucosal
PV) were previously described (12). PV IgG was purified from sera by
ammonium sulfate precipitation followed by affinity chromatography
on Protein G (HiTrap; Amersham Biosciences). IgG fractions were dia-
lyzed against PBS, sterile filtered, and CaCl2 was added to a final
concentration of 0.5 mM. Purity was confirmed by SDS-PAGE and
activity assayed by indirect IF on sectioned monkey esophagus (PV1 
1:640, PV2  1:5120). Control IgG (no activity by indirect IF) was
prepared in parallel from normal human sera. Depleted PV IgG was
prepared by removal of dsg3-specific antibodies from sera PV2 by af-
finity chromatography on a recombinant dsg3 ectodomain column (12).
The flow-through was free of dsg3-specific IgG by negative indirect IF
(data not shown).
Tissue Culture—Normal primary human keratinocytes were pas-
saged and expanded as described (13). Third passage keratinocytes
were grown to 80–90% confluence when dsg3, but not dsg1, was de-
tected by Western blot of cell extracts using dsg3- and dsg1-specific
monoclonal antibodies, respectively (data not shown). [32P]H3PO4 was
then added to the culture medium (5 mCi/ml); the cells were incubated
for 2 h and either control IgG, PV IgG, or an equivalent volume of buffer
was added (to concentrations of 5, 10, or 25 M). Cells were incubated
for 15, 30, 60, or 150 min and then washed extensively in PBS prior to
harvesting in IEF lysis buffer (8 M urea, 4% CHAPS, 2.5 mM dithiothre-
itol, 40 mM Tris, 10 M pepstatin, 100 M leupeptin, 10 M E-64, 1 mM
phenylmethylsulfonyl fluoride). Protein concentration was by modified
Bradford as described (13). IPG buffer (pH 3–10, non linear; Amersham
Biosciences) was added to each sample to a final concentration of 0.5%
prior to isoelectric focusing. For inhibition studies, keratinocytes were
preincubated for 60 min at 37 °C with the p38MAPK inhibitors
SB202190 (100 M) or SB 203580 (100 M), the protein kinase C inhib-
itors Calphostin C (100 nM) or H-7 (10 M), or the phospholipase C
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inhibitor U-73122 (4 M), after which PV IgG was added to a final
concentration of 25 M and the cells were incubated for 30 min at 37 °C
and harvested in IEF lysis buffer.
Two-dimensional Gel Electrophoresis—40 g of 32P-labeled extracts
per gel were separated in the first dimension using 13 cm pH 3–10,
non-linear IPGphor strips (Amersham Biosciences) and in the second
dimension by 10% SDS-PAGE. Gels were dried and exposed to x-ray
film and phosphorimage detection on an Amersham Biosciences Storm
840 phosphorimager. The ImageQuant (Amersham Biosciences) pro-
gram was used to quantify the radioactive signal detected from each
spot on individual gels. The signal detected by the phosphorimager is
expressed as spot volume and corresponds to the radioactive decay from
the 32P-labeled protein in each spot. Statistical significance (p  0.05)
was determined using the Student’s t test. Standards of known specific
activity were spotted onto filter paper and used as internal controls for
standardization among gel scans. Spots whose radioactivity remained
constant among the various conditions served as internal controls.
Protein Identification—Two-dimensional gel spots of interest were
excised and digested with sequence grade trypsin and MALDI-TOF
mass spectrometry data acquired using a Q-tof Ultima Global in-
strument (Micromass/Waters Corp., Manchester, UK) as previously
described (14).
Native Gel Electrophoresis and Chemical Cross-linking—Keratino-
cytes grown to 80% confluence were incubated in the presence of 25 M
control IgG, 25 M PV IgG, or an equivalent volume of buffer for 30 min
and washed and harvested in PBS, and native extracts were prepared
by Dounce homogenization. Extracts (10 g) from each sample were
separated by native 4–20% gradient Tris-glycine gel electrophoresis
(Invitrogen), electrotransferred to polyvinylidene difluoride, and sub-
jected to Western blot analysis using anti-HSP27 antibodies. Native
standards were from Amersham Biosciences (HMW native electro-
phoresis calibration kit). Alternatively, HSP27 in native extracts was
cross-linked as described (15) by incubation in an equal volume of 0.1%
glutaraldehyde in water for 30 min at 30 °C. The reaction was termi-
nated with 1 volume of 1 M Tris-HCl, 10% SDS, 10 mM EDTA for 5 min
at room temperature, separated by 4–20% gradient SDS-PAGE, elec-
FIG. 1. PV IgG-induced protein
phosphorylation is dose dependent.
Normal human keratinocytes, cultured in
the presence of [32P]H3PO4, were exposed
to PV IgG, IgG, or buffer for 30 min at
37 °C, and extracts were separated by
two-dimensional gel electrophoresis. A,
representative autoradiograms (25 M
IgG). Relative to buffer and normal IgG
controls, the PV IgG-treated keratino-
cytes show increased phosphorylation in
the proteins corresponding to Spots 2, 3,
and 5. In contrast, no notable difference
in Spots 1 and 4 was observed between PV
IgG- and control-treated cells. Phospho-
rylation of spots labeled with an asterisk
did not change across time, dose, or culture
conditions and serve as internal controls. B,
enlargement of two-dimensional gel regions
of interest. C, dose dependence. Keratino-
cytes, cultured in [32P]H3PO4, were exposed
to 5, 10, or 25 M PV IgG (shaded bars) or
control IgG (clear bars) for 30 min at 37 °C.
Extracts were separated on two-dimensional
gels, and radioactivity in each spot was
quantified by phosphorimage analysis. Each
data point represents the average of three
independent experiments; S.D. is shown.
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trotransferred to polyvinylidene difluoride, and subjected to Western
blot analysis using anti-HSP27 antibodies.
Confocal Microscopy—Keratinocytes grown to 100% confluence were
incubated with 25 M control IgG (Con IgG) or 25 M PV IgG (PV IgG)
for 6 h at 37 °C or preincubated for 60 min at 37 °C with the p38MAPK
inhibitor SB202190 (100 M) and then incubated with 25 M control IgG
(Con IgG  Inh) or 25 M PV IgG (PV IgG  Inh) for 6 h at 37 °C. Cells
were fixed and stained with fluorescein-conjugated phalloidin (Molec-
ular Probes, Eugene, OR), pancytokeratin antibodies (clone AE1/AE3;
Zymed Laboratories Inc., San Francisco, CA), or goat anti-human E-
cadherin antibodies (R & D Systems, Inc., Minneapolis, MN) as previ-
ously described (16), followed by Cy2- and Cy3-conjugated secondary
antibodies (Jackson Laboratories, West Grove, PA). Images were ana-
lyzed using a Leica SP2 AOBS confocal microscope with an excitation
wavelength of 488 nm and capture at 500–550 nm or an excitation
wavelength of 561 nm and capture at 590–650 nm using a 63 objec-
tive with NA 1.4. Double-labeled samples were checked for bleed-
through by turning off the longer wavelength laser and assaying for the
absence of image. For three-dimensional image reconstructions, serial
sections were scanned at 0.244 m and rendered using the program
Volocity Version 3 (Improvision, Lexington, MA).
RESULTS
We used dsg3-specific PV IgG to initiate structural changes in
the desmosome and examined keratinocyte extracts for changes
in intracellular phosphorylation by culturing normal human
keratinocytes in the presence of [32P]H3PO4 and exposing them
to PV IgG. Phosphorimage analysis of two-dimensional gel elec-
trophoresis of 32P-labeled keratinocyte extracts was used to iden-
tify and quantify changes in protein phosphorylation.
PV IgG Alters Cellular Phosphorylation Patterns—At least
three phosphorylation events, which precede loss of cell-cell
adhesion as assessed by membrane retraction of apposing cells,
occurred within 30 min of exposure of keratinocytes to PV IgG
(Fig. 1). Relative to buffer and normal IgG controls, PV IgG-
treated keratinocytes show increased phosphorylation in the
proteins corresponding to Spots 2, 3, and 5 (Fig. 1). No signif-
icant difference in phosphorylation was observed in Spots 1 and
4 in control or PV IgG-treated keratinocytes. Additionally, the
phosphorylation of several spots (labeled with an asterisk in
Fig. 1A) did not change across time, dose, or culture conditions,
and they serve as internal controls.
PV IgG-induced Protein Phosphorylation Is Dose Depend-
ent—To examine dose dependence, keratinocytes were incu-
bated in the presence of 5, 10, or 25 M PV or control IgG or
buffer and examined for changes in phosphorylation by two-
FIG. 2. A, PV IgG-induced protein phos-
phorylation is rapid and transient. For
time course, keratinocytes cultured in
[32P]H3PO4 were treated with 25 M PV
IgG, 25 M control IgG, or buffer for 30,
60, and 150 min. Cell extracts were sepa-
rated on two-dimensional gels and radio-
activity quantified by phosphorimage
analysis. B, protein phosphorylation re-
quires anti-dsg3 activity. Keratinocytes,
cultured in [32P]H3PO4, were exposed to
buffer control, and 25 M PV IgG purified
from sera of two different patients (PV1
and PV2) or depleted PV IgG for 30 min.
Cell extracts were separated on two-
dimensional gels, and radioactive signal
was quantified by phosphorimage analysis.
Desmosome Signaling23780
dimensional electrophoresis (Fig. 1C). Dose-dependent changes
in protein phosphorylation of Spots 2, 3, and 5 were observed in
PV IgG-treated cells, but not in cells treated with control IgG or
in Spots 1 and 4 in cells treated with either PV or control IgG.
PV IgG-induced Protein Phosphorylation Is Rapid and Tran-
sient—We then determined the time course by culturing kera-
tinocytes in the presence of [32P]H3PO4 and 25 M PV IgG, 25
M control IgG, or buffer for 30, 60, and 150 min (Fig. 2A).
Proteins corresponding to Spots 2, 3, and 5 showed a rapid rise
in phosphorylation that peaked within 30 min of addition to the
medium of PV IgG, after which the levels of phosphorylation
declined. No time-dependent change was observed after addi-
tion of either control IgG or buffer. No notable change was
observed in Spots 1 and 4.
Protein Phosphorylation Requires Anti-dsg3 Activity—Phos-
phorylation of Spots 2, 3, and 5 was dependent upon PV IgG as
these phosphorylation events were not observed when samples
were incubated with IgG or buffer controls or when the PV IgG
fractions were depleted of dsg3-specific antibodies by immuno-
absorption (Fig. 2B). Additionally, PV IgG from two different
PV patients stimulated the same pattern of phosphorylation,
and the level of phosphorylation correlated with their anti-dsg3
activity as determined by indirect IF. No notable difference was
observed in Spots 1 and 4.
PV IgG Induces Phosphorylation of Heat Shock Protein 27
(HSP27)—In-gel tryptic digestion and MALDI-TOF were used
to determine the identity of Spot 2 as HSP27 (data not shown).
Western blot detection using antibodies to HSP27 and phos-
pho-HSP27 confirmed the identity. After treatment of kerati-
nocytes with PV IgG, increased signal was detected by two-
dimensional gel electrophoresis in the most acidic charge
variant of HSP27 (Fig. 3A). Additionally, increased phospho-
HSP27 reactivity was observed in PV IgG-treated keratinocyte
extracts when examined by Western blot of one-dimensional
SDS-PAGE (Fig. 3B).
PV IgG-induced Phosphorylation of HSP27 Requires p38 Mi-
togen-activating Protein Kinase (p38MAPK)—Activation of
p38MAPK results in phosphorylation of MAP kinase-activated
protein kinase 2 (MAPKAP 2), which in turn phosphorylates
HSP27 (17). Increased phospho-p38MAPK was detected in PV
IgG-treated keratinocytes relative to controls (Fig. 4A), sug-
gesting that PV IgG signaling to HSP27 is mediated by acti-
vated p38MAPK; inhibition of p38MAPK inhibited the phos-
phorylation of HSP27 in keratinocytes exposed to PV IgG (Fig.
4B). No notable inhibition of HSP27 phosphorylation was ob-
served in the presence of the protein kinase C inhibitors Cal-
phostin C and H-7 or the phospholipase C inhibitor U-73122.
PV IgG-induced Phosphorylation of HSP27 Is Associated
with a Transition from Large to Small Oligomers—Because
phosphorylation of HSP27 is associated with transitions from
large to small oligomers (15, 17), we investigated the effects of
PV IgG-induced HSP27 phosphorylation on its oligomerization.
On native pore limit gels, both large and small oligomers of
HSP27 were detected in human keratinocytes incubated with
buffer or control IgG; however, a decreased level of large oligo-
meric HSP27 was observed in PV IgG-treated keratinocytes
(Fig. 4C). The migration on native gels is consistent with prior
reports of large HSP27 oligomers of average molecular mass
530 kDa reduced to small oligomers of molecular mass 110 kDa
by phosphorylation with MAPKAP kinase 2 (17).
The large oligomeric isoform was not well detected by West-
ern blot of native gels, perhaps because of the relative ineffi-
ciency of high molecular mass native proteins to undergo elec-
trotransfer; therefore, cross-linking was used to stabilize large
oligomeric HSP27. Native extracts from keratinocytes were
chemically cross-linked in glutaraldehyde and subjected to
reducing SDS-PAGE and immunoblot analysis with HSP27
antibodies. This protocol enhanced the detection of high molec-
ular mass HSP27 oligomers observed in buffer or control IgG-
treated cells but markedly reduced in PV IgG-treated
keratinocytes (Fig. 4D).
p38MAPK Inhibition Blocks PV IgG-induced Keratin and
Actin Reorganization—In response to PV IgG, the keratin fil-
ament network of keratinocytes retracts from the cell mem-
brane. We utilized this physiologic end point to determine
whether the observed signaling events had a role in activating
PV IgG-induced changes in the cytoskeleton. Consistent with
previous reports (11), keratin filaments in PV IgG-treated ke-
ratinocytes were retracted from the membrane and demon-
strated enhanced perinuclear localization. PV IgG-induced ker-
atin filament retraction was prevented by the p38MAPK
inhibitor SB202190 (Fig. 5A). Furthermore, in PV IgG-treated
keratinocytes phalloidin staining suggested that the actin cy-
toskeleton was undergoing reorganization consistent with the
transition from stationary adherent cells to non-adherent mi-
gratory cells. PV IgG treatment was associated with a change
from cortical staining to a pattern suggestive of ruffling mem-
branes (18) (Fig. 5B). Notably, the PV IgG-induced actin reor-
ganization was similarly prevented by the p38MAPK inhibitor
SB202190 (Fig. 5B, PV IgG  Inh).
DISCUSSION
Although the acantholytic properties of dsg3 autoantibodies
from PV patient sera have been well described, the molecular
mechanisms by which these autoantibodies disrupt keratino-
cyte cell-cell adhesion has not been characterized. By incubat-
ing keratinocytes in the presence of [32P]H3PO4, we were able
to identify changes in the phosphorylation pattern of cellular
substrates after addition of purified PV IgG to keratinocyte
cell cultures.
Several spots, resolved by two-dimensional gel electrophore-
sis, were observed to undergo rapid changes in phosphoryla-
tion. The increase and subsequent decrease in phosphorylation
observed is consistent with a dynamic regulatory process and
with the transient nature of protein post-translational modifi-
cations characteristic of intracellular signaling cascades. Other
spots on the gel were not affected by the addition of PV IgG; i.e.
no time- or dose-dependent phosphorylation changes were ob-
FIG. 3. Increased phospho-HSP27 immunoreactivity is present
in PV IgG-treated keratinocytes. Keratinocytes were treated with
25 M PV IgG, 25 M control IgG (Con IgG), or buffer controls (PBS) for
30 min at 37 °C. A, Western blot of two-dimensional gels. The third and
most acidic HSP27 charge isoform (P2) is increased in the PV IgG-
treated cells. P0, P1, and P2 designations correspond to non-phospho-
rylated HSP27 and two phosphorylated HSP27 isoforms, respectively,
and were assigned by correlating the two-dimensional gel migration
patterns of 32P-labeled proteins with HSP27 immunoreactivity. The
non-phosphorylated isoform (P0) was not visualized in the autoradio-
grams, whereas P1 and P2 correspond to Spots 1 and 2, respectively, in
the autoradiograms of the 32P-labeled extracts (Fig. 1). B, Western blot
of one-dimensional SDS-PAGE. Extracts (15 g protein/lane) from cells
incubated with PV IgG show increased phospho-HSP27 immunoreac-
tivity compared with non-treated (Con), mock-treated (PBS), or control
IgG-treated (Con IgG) cells. Blots were stripped and reprobed with
anti-HSP27 (HSP27) and anti-pan keratin (keratin) antibodies to dem-
onstrate equal loading.
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served in the majority of the phosphoproteins resolved by two-
dimensional gel electrophoresis, indicating that the observed
changes in phosphorylation did not result from a general in-
crease in phosphorylation but were specific for discrete
cellular substrates.
Specificity of the phosphorylation induced by anti-dsg3 PV
antibodies was demonstrated by (i) the inability of either con-
trol IgG or PV IgG fractions depleted of dsg3-specific antibodies
by immunoabsorption to stimulate phosphorylation of Spots 2,
3, and 5, (ii) PV IgG purified from different PV patients stim-
ulated the same pattern of phosphorylation, and (iii) the level
of phosphorylation correlated with their anti-dsg3 activity. Be-
cause PV IgG specifically target dsg3, the observed phospho-
rylation/signaling events are proposed to result from changes
in the desmosome. The precise nature of this structural change
is unknown but may include disruption of desmosomal protein-
protein interactions or conformational changes within the tar-
get dsg3 molecule.
MALDI-Tof mass spectrometry analysis of in-gel tryptic di-
gests was used to identify one of these phosphoproteins as
HSP27; this identity was confirmed by immunoblotting with
HSP27 and phospho-HSP27-specific monoclonal antibodies.
The observation that HSP27 was rapidly and transiently phos-
phorylated in response to PV IgG suggested that p38MAPK
might similarly be phosphorylated because phosphorylation of
p38MAPK had previously been shown to phosphorylate MAP-
KAP kinase 2, which in turn phosphorylates HSP27. As pre-
dicted, p38MAPK was similarly rapidly phosphorylated in ke-
ratinocytes exposed to PV IgG. Inhibitors of p38MAPK activity
prevented PV IgG-induced HSP27 phosphorylation.
The observation that HSP27 is one of the proteins phospho-
rylated in response to PV IgG is intriguing. HSP27 functions as
a molecular chaperone to facilitate the refolding of denatured
proteins but also participates in signaling where it may regu-
late elements of the cytoskeleton, including actin filaments
(19–21) and keratin intermediate filaments (22). Large oligo-
meric HSP27 is thought to have chaperone function, whereas,
small oligomeric HSP27 may have direct signaling and cy-
toskeletal regulatory functions (22, 23). Phosphorylation of
HSP27 is thought to have a role in its ability to regulate the
cytoskeleton (24–26). Missense mutations in HSP27 lead to
disrupted neurofilament assembly and cause the neuromuscu-
lar disorder Charcot-Marie Tooth disease as well as distal
hereditary motor neuropathy, providing additional support for
the role of HSP27 in intermediate filament regulation (27).
Our observations are consistent with a mechanism by which
PV IgG binding to dsg3 activates “outside-in” desmosome sig-
naling in which (i) phosphorylation of p38MAPK leads to (ii)
phosphorylation of MAPKAP kinase 2, which in turn (iii) phos-
phorylates HSP27, leading to (iv) changes in HSP27 quater-
nary structure and cytoskeletal rearrangements (Fig. 5C). In-
terestingly, endorepellin binding to 21 integrin activates a
signaling pathway in which p38MAPK and HSP27 phosphoryl-
ation are associated with structural changes in the actin cy-
toskeleton (28), suggesting that HSP27 may have a central role
in cell adhesion junction signaling. The observation that spe-
cific inhibition of this pathway using p38MAPK inhibitors can
prevent changes in the cytoskeleton associated with the tran-
sition from an adherent to non-adherent phenotype supports
the hypothesis that the observed signaling events may be re-
quired for the loss of cell-cell adhesion induced in vivo by
PV autoantibodies.
FIG. 4. A, p38MAPK is phosphorylated in PV IgG-treated keratinocytes. Cells were exposed to 25 M PV IgG, control IgG, or buffer for 30 min
at 37 °C. Extracts (15 g protein/lane) were separated by 10% SDS-PAGE, followed by immunoblotting with antibodies to HSP27, phospho-HSP27,
p38MAPK, and phospho-p38MAPK. Increased phospho-HSP27 and phospho-p38MAPK immunoreactivity is detected in PV IgG-treated cells. B,
inhibitors of p38MAPK block PV IgG-induced HSP27 phosphorylation. Cells were preincubated for 60 min at 37 °C with p38MAPK inhibitors
SB202190 or SB203580, protein kinase C inhibitors Calphostin C or H-7, or phospholipase C inhibitor U-73122, after which PV IgG (25 M) was
added, and the cells were incubated for 30 min at 37 °C and harvested in IEF lysis buffer. Extracts were separated on 10% SDS-PAGE, followed
by immunoblotting with anti-HSP27 and anti-phosphoHSP27 antibodies. C, PV IgG-induced HSP27 phosphorylation alters HSP27 oligomeriza-
tion. By native pore limit gel electrophoresis, both large and small oligomers of HSP27 were detected in extracts (10 g/lane) of cells incubated with
buffer or control IgG; however, decreased levels of large oligomeric HSP27 Š were observed in PV IgG cells. D, large oligomeric HSP27 is readily
visualized in buffer and control IgG-treated, but not PV IgG-treated, keratinocytes. Native extracts chemically cross-linked and subjected to
reducing SDS-PAGE (5 g protein/lane) and immunoblot analysis with HSP27 antibodies enhanced the detection of high molecular weight HSP27
oligomers Š whose levels were reduced in PV IgG-treated cells.
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HSP27 phosphorylation correlates with changes induced by
PV IgG; however, it may be premature to suggest that HSP27
phosphorylation is the critical step in this signaling pathway.
Other p38MAPK substrates may play a role in PV IgG-induced
cytoskeletal reorganization. Numerous direct and indirect
downstream targets of p38MAPK have been reported, includ-
ing protein kinases (29–31), transcription factors (32–34), and
cytoskeletal proteins (35, 36). Furthermore, although we have
not yet determined the protein identity of Spots 3 and 5, it
seems likely that they also play a role in this response because
they too exhibit dose- and time-dependent phosphorylation
upon addition of PV IgG.
Keratinocytes from plakoglobin knock-out mice form desmo-
some-like structures that appear to mediate cell-cell adhesion
in monolayer cultures but are resistant to PV IgG-mediated
keratin filament retraction (11). This observation suggests
that mechanisms in addition to steric hindrance may be
required for PV IgG to mediate the loss of keratinocyte
cell-cell adhesion and provides additional support for the
hypothesis that signaling plays a role. Further support for
desmosome signaling is provided by the observation that
genetic defects in desmosome components are associated with
altered epithelial differentiation (37, 38).
Binding of specific pathogenic antibodies to dsg3 activates
intracellular phosphorylation events, suggesting that, in addi-
tion to functioning in cell-cell adhesion, desmosomes are capa-
ble of acting as transmembrane receptors that transduce sig-
nals from the extracellular environment to the intracellular
environment. Pharmacologic inhibition of PV IgG-induced
p38MAPK activation and HSP27 phosphorylation may prove
beneficial in the treatment of this severe and life-threatening
autoimmune disease.
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